We appreciate the opportunity to address the concerns of Phadke et al.
Initially submitted September 2, 2016; accepted for publication September 13, 2016. We appreciate the opportunity to address the concerns of Phadke et al. (1) regarding our recent article (2) . First, we agree that accounting for the time-dependent nature of influenza illness, immunization, and pregnancy outcomes is critical for obtaining unbiased estimates of the association between maternal influenza immunization and fetal health (3) . The rates of influenza attack, vaccine uptake, and vaccine effectiveness used in our analysis were based on rates estimated during influenza season, not rates averaged across the calendar year. By design, our results therefore specifically apply to the limited time window of possible benefit from maternal influenza immunization.
Second, we accounted for seasonal and regional variability in influenza disease epidemiology by evaluating a broad range of plausible rates of influenza attack, vaccine effectiveness, and vaccine uptake. For example, the United States Centers for Disease Control and Prevention estimates influenza attack rates of 5%-20% (4), whereas attack rates in the control arms of randomized trials of pregnant women from South Africa (with and without human immunodeficiency virus) and Mali were 17.0%, 3.6%, and <3%, respectively (5, 6). Our scenarios included an influenza attack rate as high as 40%. Likewise, the preterm birth rate in our primary analysis was the overall global estimate from a recent Lancet analysis (7), and our sensitivity analysis used a rate higher than the upper 95% confidence limit for the global region with the highest preterm birth rate (southeastern Asia, with an upper limit of 18.6% vs. 20% in our analysis).
We agree that biological pathways linking influenza illness, immunization, and adverse fetal outcomes are plausible. However, our concerns with respect to plausibility refer to the plausible magnitude of the observed associations in comparisons of vaccinated and unvaccinated women. Our key finding was that even during influenza season, rates of influenza attack, vaccine uptake, and vaccine effectiveness are all relatively low; therefore, only a small fraction of pregnant women have their influenza illness status altered by vaccination. When the causal effect of the intervention is experienced in only a small minority of pregnant women, any effects need to be extremely large to be detected in overall comparisons of vaccinated and unvaccinated women. Even under the more extreme scenarios covered by our simulations, effects remained difficult to detect. This does not imply that biological associations cannot exist, only that it is highly unlikely that they could be detected using standard epidemiologic research designs.
We agree that randomized trials offer the important strength of control for unmeasured confounding, but the same concerns about magnitude of plausible effects would apply. Moreover, data from the trial in Nepal remain unpublished, and the post-hoc analysis of births during the circulating influenza period in the Bangladesh trial had a total of only 6 preterm births (8) . For these reasons, we did not emphasize those trials in our discussion; however, we did note that neither study found a significant effect of maternal vaccination on our study's outcome of preterm birth (9) . Most recently, in the largest randomized trial of maternal influenza immunization published to date, Tapia et al. (6) found no significant differences in neonatal outcomes between study groups.
Finally, we disagree with the commentary authors' interpretation of the current literature on the fetal benefits of maternal influenza immunization. Citing an opinion article written by their group (10), Phadke et al. suggest that a protective effect of maternal influenza immunization on fetal outcomes is supported by "data from the preponderance of published studies" (1, p. 789). However, this is not supported by the findings of 2 recent systematic reviews that found inconsistency in the evidence and concerns about bias and other methodological shortcomings (11, 12) . Phadke et al. also claim that the study by Vazquez-Benitez showed that after controlling for biases, "adjustment for timedependent vaccine exposure had no effect on the risk ratio estimates for small-for-gestation-age birth" (1, p. 790). That claim is not supported by the conclusions of the cited paper, however, in which the authors state that they "found a strong protective effect of vaccination on preterm birth (relative risk: 0.79; 95% [confidence interval]: 0.74, 0.85) when ignoring potential biases and no effect when accounting for them (relative risk: 0.91; 95% [confidence interval]: 0.83, 1.0)" (13, p. 176). Likewise, of the 4 studies used to support the claim that "[e]mpirical studies with analyses of birth outcomes stratified by period of influenza circulation have yielded remarkably consistent findings" (1, p. 789), 2 (from the same population) are highly prone to immortal time bias due to their use of a time-fixed exposure variable (immunization at any point in pregnancy (ever vs. never)) (14, 15) , and the third reported null associations between maternal immunization and fetal outcomes (for preterm birth, adjusted hazard ratio = 1.03, 95% confidence interval: 0.84, 1.25; for fetal death, adjusted hazard ratio = 0.88, 95% confidence interval: 0.66, 1.17) (16) . In the absence of consistent, high-quality evidence of fetal benefits from maternal influenza immunization and with practical constraints on the detection of such benefits, we believe that immunization policies should be based on the strong evidence that immunization protects both mothers and their infants against influenza illness (5, 6, 17) .
